From an eco-economic perspective, the efficient use of nitrogen is becoming incrementally worthwhile in crop management. Therefore, growth, yield and seed yield response index of three sesame varieties (Shandwel-1, Giza-32 and Sohag-1) as affected by four N rates (0, 72, 108 and 144 kg N ha −1 ) were investigated during two seasons of 2013 and 2014. The study illustrated that Sohag-1 was the superior variety for achieving SPAD value and seed yield ha −1 . Sesame
INTRODUCTION
Sesame is one of the oldest and most important oilseed crops in the world due to its high oil content and quality (Ashri, 1998). Sesame seed is also rich in proteins, vitamins, niacin, minerals and lignans and is popularly used as a food and medical purposes (Nakimi, 1995). In several developing countries, sesame is a crucial and cash edible oilseed crop particularly for smallholders. In Egypt, sesame is a food crop rather than oilseed one being most of its seed production is directly used for manufacture products, but it has low yield potentiality.
Cultivating the appropriate and high yielding variety and supplying with proper addition of N amount regarded the core practices for boosting crop productivity. Yield of sesame is highly variable depending upon the environmental factors, cultural patterns and cultivars used (Ali et al 2016). Despite the vital role of nitrogen in plant development and metabolism of carbohydrates and protein, neither excess nor paucity of it is useful for crop productivity. Convenient supply of nitrogen is salutary for carbohydrates and protein metabolisms as well ass cell division and enlargement, resulting in more leaf area, crop growth rate, leaf area index and thus ensuring good seed and dry matter yield
(Ahmad et al 2001 and Ahmad et al 2002).
The positive response of leaves number to N supply may have led to increase in photosynthetic activity thereby resulting in the enhancement of morphological traits via produced more branches and simultaneously enhanced pod production and thus increased yield (Shehu et al 2009). Accordingly, soil of low N content should be supply additional fertilizer in proper amount to make sure for better production. Until then, it has not been conclusively defined the required quantity of nitrogen for sesame plant. Okpara et al (2007) explained that sesame nurture remained very argumentative for long time, while some researchers are of the opinion that sesame does not require fertilization, others believe that the crop needed to be fertilized. In this situation, Haruna (2011b) and Shilpi et al (2012) reported substantially increased yield with increasing N up to 60 kg ha −1 . Excess nitrogen fertilizer application than 60 kg ha −1 decreased seed yield Choosing the compatible variety with the soil nutritional status is one of the most significant and costless for farmers. Moreover, exploiting genotypic differences in absorption and utilization of N to get better N fertilizer use and to attain higher productivity from soil that is deficient in nitrogen have delivered wide attention. Gaining varieties with high N utilization and with low fertilizer requirement would be appropriate to the crop production process (Le Gouis et al 2000). Improving nitrogen use efficiency (NUE) represents an important part of crop management for reducing the production costs and eschewing the nitrate pollution of waters, soils and harvest products Taken such points in account, the current study was carried out to evaluate the efficient use of nitrogen of three sesame varieties and determine the economic rate of nitrogen according to productivity.
MATERIALS AND METHODS

Experimental site
A 2-year field experiment was conducted during 2013 and 2014 seasons at the Research and Experimental Station Farm, Faculty of Agriculture (30°19′ N, 31°16′ E), Ain Shams Univ., at Shalakan, Kalubia Governorate, Egypt. The soil of the experimental site was clay loam and its properties are presented in Table 1 . The preceding crop was Egyptian clover in both seasons. 
Treatments and experimental design
In factorial randomized complete block design with four replications, the performance of three sesame varieties (Shandwel-1, Giza-32 and Sohag-1) to four nitrogen fertilizer rates i.e. 0, 72, 108 and 144 kg N ha −1 , ammonium sulphate (20.6% N) was evaluate. Treatments involved N were applied into three equal portions, after thinning, before the second and the third irrigation, respectively. The experimental plot size was 10.5 m 2 containing 5 ridges (3.5 m length and 60 cm apart).
Implementations
Seeds of sesame varieties were sown in May 30 and 26 in the 1 st and 2 nd seasons, respectively, in hills (4-6 seeds per each) 20 cm apart on the ridge, then sowing irrigation was done. At 25 days after sowing (DAS), plants were thinned to secure two plants per hill followed by irrigation. Phosphorus fertilizer (in the form of calcium super phosphate, 15 % P2O5) was applied during the soil preparation at a rate of 240 kg ha −1 . All other recommended cultural practices for growing sesame were adopted throughout the two seasons.
Data record
At 45 DAS, total chlorophyll content (SPAD value) of the fourth leaf was determined by chlorophyll meter (SPAD 502) according to Soil Plant Analysis Department Section, Minolta Camera Co., Osaka, Japan as reported by Minolta (1989). Moreover, plant height was recorded at 75 DAS from five guarded plants of each plot.
At harvest, sampling of ten guarded plants was done across one middle ridge of each plot for measuring fruiting zone length and capsule number plant −1 . Pods from all the other plants from the middle ridge excluding the sampled were harvested, threshed and weighed for seed yield. 
Statistical analysis
Data were subjected to analysis of variance (ANOVA) according to Gomez and Gomez (1984), using MSTATC software program. The combined analysis of variance for the data of the two seasons was performed after testing the error homogeneity. Duncan's multiple range test at 0.05 probability level was used for comparing among means.
RESULTS AND DISCUSSION
Growth and yield traits
Significant variations in growth and yield attributes among sesame varieties were obtained (Table 2). In this regard, Sohag-1 variety was the superior for achieving the maximum SPAD value, plant height, fruiting zone length, capsule number plant −1 and seed yield and statistically at par with Giza-32 for the second, third and fourth former traits. The different performance of Shandwel-1, Giza-32 and Sohag-1 varieties in growth and yield traits could be attributed to their different genetic makeup plus utilization ability of growth factors prevailing in the experimental site. Moreover, the higher leaf greenness of Sohag-1 leaves ( 
2011a) and Jamdhade et al (2017).
Several combinations between varieties and N rates possessed noticeable enhancements in growth and yield attributes of sesame as presented in (Table 2 ). It could be noted that despite sesame varieties differed in their responses to increasing N rate, N application tended to has a positive effect of all estimated traits. The superior yielding treatment is Sohag-1 when fertilized with 108 kg N ha −1 . Such treatment exceeded other ones except that of the same variety but fertilized with 144 kg N ha −1 . Such superiority may be regarded as a reflection of the recorded enhancements in growth and yield attributes (Table 2) . Coupling suitable variety as a genetic factor with the appropriate N level used as an environmental one, i.e. Sohag-1 x 108 kg N ha −1 considered a marked practice for attaining high sesame seed yield as an economic product.
Arab Univ. J. Agric. Sci., Special Issue, 26(2C), 2018
Seed chemical traits
The substantial differences in seed oil and protein % and yields among sesame varieties indicated that Sohag-1 was the potent variety for recording the highest values (Table 3) . On the other hand, only yields (not percentages) of oil and protein were markedly affected by N rates. In this regard, addition of 108 kg N ha −1 was sufficient for sesame plants to produce the highest values and exceeding other N rates, ranging from 6.2-48.2% in oil yield and 12.9-46.8% in protein yield. The enhancements in oil and protein yields of Sohag-1 and due to application of 108 kg N ha −1 might be mainly attributed to increasing seed yield (Table  2) . Increasing nitrogen up to 120 kg ha −1 achieved significant increase in sesame oil yield (Kalaiselvan, et al 2001).
Seeds of Sohag-1 with any N rate (for oil and protein %) in addition to seeds of Giza-32 with 0 or 108 kg N ha −1 (for protein %) contained the maximal values surpassing the other combinations (Table 3). Being the interaction of Sohag-1 x 108 kg N ha −1 achieved the highest seed yield (Table 2) , it also out yielded as expected the highest increases in oil and protein yields.
Seed yield response index (SYRI)
SYRI as an indicator to the efficient of plant varieties for attaining higher seed yield at low N rate (0 kg N ha −1 ) and their response to high N rate (144 kg N ha −1 ) was calculated (Fig. 1) . Accordingly, and as described by Fageria and Barbosa Filho (1981), it is possible to assort varieties into four categories: (i) efficient and responsive (ER) that attain high seed yield at low as well as high rates of N fertilizer; (ii) efficient and not responsive (ENR) that attain high seed yield at low N rate with lower response to increase N fertilizer than ER; (iii) not efficient but responsive (NER) that has low seed yield with response to increase N fertilizer; and (iv) neither efficient nor responsive (NENR) that has low seed yield with low response to increase N fertilizer. Therefore, (Fig. 1) illustrated that Sohag-1 belongs to ER group being excelled the averages of seed yield at zero rate and SYRI, while Giza-32 was NER being gave lower seed yield at zero N rate and higher SYRI than the averages. Unlike, Shandwel-1 was NENR, where both seed yield at zero N rate and SYRI were lower than the averages. Such findings proved the differences among sesame varieties for absorbing and utilizing N in case of each of well N supply and from N-deficit soils. Sohag-1 exhibited less reduction in yield under low N rate and highly response with high N applied indicating the constancy and significance of focusing on this variety as an efficient gene pool to incorporate the adaptation for low N availability (in the soil) and with high efficiency in the utilization of N fertilizer applied. At low N supply, differences among varieties for SYRI were largely due to variation in utilization of accumulated N, but with high N, they were largely due to variation in uptake efficiency (Sattelmacher et al 1994). Increasing nitrogen rate significantly reduced NUE and that crop response and nutrient uptake tend to decrease significantly as excess nitrogen applied ( From the present research we can derive that for obtaining high seed and oil yields of sesame, the farmers are advised to keep in mind the relationship between each of chosen variety and applied N amount with nutritional status of their soils. Moreover, to improve varieties of high NUE, Sohag-1 as a potent variety is considered a promising genetic tool can be inserted in sesame breeding programs. 
